Nitriding of highly alloyed titanium material Ti5Al4V2Mo was performed at 500, 600,700,800, 900 ºC in the mixture of 50±10% Ar + 50±10% N 2 at 300-450 Pa (3-4.5 mbar) for 3-4 hours. The hardness at the surface increased with temperature, and at 900 ºC it was 1.7 times higher than that of the untreated material. The hardness decreased with the depth, and the thickness of the hardened layer was 30-50 μm at 900 ºC. The phase composition is very complex, comprising various Ti phases, various titanium nitride phases, and titanium dioxide.
Introduction
Titanium and its alloys are widely used in industry and medicine. These alloys are characterized by low specific weight, high corrosion resistance, and biocompatibility. However, low hardness and low wear resistance of these materials are two of the reasons for limiting their wider use. Nitriding of titanium alloys with the purpose of improvement of their wear resistance is an important task. Many works were devoted to nitriding of titanium and low alloyed titanium (e.g., Avelar-Batista Wils Sobiecki et al. (2001) , Kashaev et al. (2005) , highly alloyed titanium, which is a promising m strength and corrosion resistance, and it is wide was not studied in terms of plasma nitriding. Th argon-nitrogen plasma of the abnormal glow di and therefore it was used here.
Experimental details
The material used is a titanium superallo dispersion spectroscopy is given in Table 1 . T They were polished and washed in ultrasonic ba The experimental installation for nitriding is pumps to the ultimate pressure of 10 -5 mbar. Th to the cathode. The anode was a system of co temperature of the sample and make it more u sample and the cylindrical anode was ignited pulsed regime to keep the discharge stable. Fig. 1 . Scheme of the experimental installation for studying 3 -thermal shields (anode); 4 -ceramic insulator; 5 -powe 9 -pressure measurement; 10 -multimetr; 11 -thermocou 15 -turbomolecular pump; 16, 18 -mechanical pump. s shown in Fig. 1 . It was pumped by a turbomolecular an he samples were suspended on a titanium holder, which w oaxial cylindrical sheets giving thermal insulation to rea uniform over the surface. The abnormal glow discharge at pressures of 0.1-10 mbar using a power supplier ope g plasma nitriding: 1 -vaclatoruum chamber; 2 -sample holder (cathod er supply unit; 6 -oscillograph; 7 -view window; 8 -infrared pyromet uple (type K); 12, 14, 17 -vacuum valves; 13 -the system of gas inlet; Before nitriding, the samples were cleaned voltage: 250-500 V, duration 15-30 minutes). N in average. Gas compositions and pressures, d given in Table 2 
Results
The samples after nitriding changed their c 800°C and changed color to gold at 900°C . Th was chemically etched in the solution of 33% H was examined in an electron microscope Hitach was measured using a FUTURE-TECH COR normally to the treated surface before cutting measurements. colors. They were in different shades of gray at temper he nitrided samples were cut and polished; and the polis HF, 33% HNO 3 and 33% glycerol for 1-2 seconds. The cr hi TM1000. The depth profile of the hardness over the cr RP Microhardness tester FM-800. Also the hardness wa the sample. The load applied to the indenter was 50g
ons of the five treated samples and that of the virgin samp n drastically changed at the temperature of 900°C (Fig. 2 de (~ 5 μm of dense nitrides thick) and a rather deep laye emperatures ( Fig. 2a-d) , there are no thick region of prec es on the surface even at the lowest temperature of 500 °C
esses: a) 500 ºC; b) 600 ºC ; c) 700 ºC ; d) 800 ºC ; e) 900 ºC ; f) the untr The hardness as a function of temperature m cutting is demonstrated in Fig. 3a . The hardn temperature of nitriding 500 °C and steadily inc sample was treated at 900 °C. It was approxim than the hardness of the original sample. a) Fig. 3 . The hardness of nitrided samples: a) dependence on dependencies measured in the cross-sections of the samples Depth profiles of the hardness for two samp of dependencies are observed for other samples increases with temperature, and this is not su dependencies. First, this depth is much higher Second, this depth is less than the thickness o hardness of the samples is less than that of the i X-ray diffraction analysis was performed u Phase identification was performed using the database ICDD PDF2. Experimental spectra Fig. 4 . The main phases are -Ti (hcp) and titanium nitride of variable nitrogen concentration TiN 1-x , (fcc). The lines of two phases are asymmetric that is possibly connected with depth nonuniformity of nitrogen concentration. The virgin alloy Ti5Al4V2Mo initially contains two phases ( + ), therefore -Ti (bcc) is also observed. Additionally, -Ti which may be formed in non-equilibrium conditions of plasma implantation was also formed in the sample. Parameters of this phase are slightly different from the table values, and this may be due to the presence of V in the solid solution in the alloy. Additionally, traces of titanium dioxide TiO 2 , and tetragonal phases -TiN and Ti 2 N were also observed. The complex composition can be due to non-uniformity of nitrogen concentration that decreases from the surface to the depth due to diffusion.
Conclusions
Highly alloyed titanium Ti5Al4V2Mo was treated in the abnormal glow discharge in a mixture of Ar and N 2 at temperatures 500-900 °C. Bright gold color, which is typical for titanium nitride, appeared at 900 °C. At this temperature, a layer (~ 5 μm) of dense nitrides and a layer (~ 30 ÷ 50 μm) of nitride precipitates appeared, and the hardness at the surface increased 1.7 times with respect to the untreated material. Increase of the hardness, nevertheless, was observed at all temperatures used, including the lowest temperature of 500 °C. The hardness decreases with depth. It was found that at large depths the hardness was 1.2 times less than the initial value. X-ray analysis demonstrated the complex phase composition consisting mainly of -Ti and TiN 1-x with traces of -Ti, -Ti, TiO 2 , -TiN, and Ti 2 N. The complex phase composition is due to the multiphase initial composition, nonuniformity of nitrogen concentration through the depth, and non-equilibrium conditions of plasma impact.
